AANET (Aeronautical Ad hoc NETworks) are a subclass of Vehicular Ad-Hoc Networks (VANET). They are a very promising solution in order to answer to new air-ground communication needs. The Publish / Subscribe communication paradigm enjoys wide applicability in AANET where resources are limited. Many Publish / Subscribe systems exist for wired networks, however, these solutions are not fully adapted to mobile networks like AANET or VANET composed of cars. For the second category, the research community investigated and proposed some solutions. The aim of this article is to evaluate the performance of typical Publish / Subscribe systems suitable for VANET with cars on AANET with a realistic scenario based on commercial aircraft traffic. We show that some approaches suitable for VANET do not give good results in this case.
Introduction
Mobile Ad-Hoc Networks (MANET) are self-configuring networks of mobile nodes connected by wireless links without a fixed infrastructure. Vehicular Ad-Hoc Networks (VANET) are a subclass of MANET in which nodes are vehicle (cars, trains...) . This sub-category shows a lot of specific characteristics, the most important being the high mobility of nodes and the predictability of movements. As detailed in [1], AANET (Aeronautical Ad hoc NETworks, which consist in aircraft acting as nodes of a MANET) can be seen as a subcategory of VANET. In a context of increasing air traffic and new needs in term of air ground communication systems, AANET represents a relevant solution as explained in [2] . Content-based information dissemination enjoys wide applicability in AANET where resources (like bandwidth) are limited. Notification of dangerous weather events to aircraft which will navigate close to the concerned geographical area or important messages from airline operational center to aircraft belonging to the company are good examples. Indeed, this approach allows a space decoupling between source and recipients since the sender of a message does not know which nodes will receive it. The aim of the network is then to find the recipients, based on the message's content. To accomplish content-based routing in a network, the Publish / Subscribe communication paradigm is the most widespread solution. In this model, event distribution from publisher (event producer) to subscriber (event consumer) is based on the subscriber interest and the event's content. Many Publish / Subscribe systems exist for wired network ([3], [4]) but are not suitable for MANET with low bandwidth and frequent network partition. Moreover, the applications described above need two extra features compared to classical Publish / Subscribe systems. The first one is the persistence of events in the network to reduce the problem of network partitions (similar principle as Delay Tolerant Networks, [5] ). The second is the introduction of node context to reduce the scope of events/subscriptions and use more efficiently the network resources. As explained in [1] , this context can be assimilated to a location context (an area or just a position). For example, with a classical Publish / Subscribe solution, aircraft can subscribe to "dangerous weather situation". However, this subscription will be too wide and will lead to the reception of useless events since aircraft are interested especially by "dangerous weather situation close to my position or route".
In the past years, some solutions have been proposed by the research community to provide Publish / Subscribe systems adapted to VANET (especially for cars), introducing the persistence of events and the use of node context in event delivery decision process. The aim of this article is to evaluate some solutions using different approaches against a typical scenario (notification of weather events) in a realistic AANET based on real traffic of commercial aircraft.
The next section presents a brief state of the art on Context-Aware Publish/Subscribe systems adapted for VANET. Section 3 compares some existing solutions based on a typical use case for AANET. The scenario and all implementation choices made to simulate aircraft mobility and Publish / Subscribe systems are explained in this section. Finally, section 4 concludes this article and introduces further work on this topic.
2 Context-Aware Publish/Subscribe Solutions in VANET As explained in [1], existing Context-Aware Publish/Subscribe systems that are adapted for VANET can be classified in three categories: geographic routing, proximity routing and overlay network based solutions.
Geographic routing based solutions like [6] or [7] are based on the assumption that each event / subscription is linked to a geographical area. The publish / subscribe system uses a geographic routing protocol to dispatch events from the publisher to the subscribers. Actually, an event is sent to the nodes located in the geographical area defined as the context of the event. In the same way, a subscription is sent to the geographical area defined in the context. Then, as described in figure 1a , when a subscription matches with an event, nodes located at the intersection can act as middleman between publisher and subscribers.
Proximity routing based solutions like [8] or [9] provide many likeness with the previous solution. The main difference relates to the area where events and subscriptions are sent. This kind of solutions disseminate events/subscriptions only within a radius close to the sender (see figure 1b ).
